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Dasu et al., PRD49, 5641(1994)
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In a model with: i &\:
a) spin-1/2 partons: R should be Ol il
small and decreasing rapidly with Q? . i | 0.5 |

b) spin-0 partons: R should be large
and increasing with Q?
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ACCESS TO NUCLEAKR DEPENDENCE OF K

Dasu et al., PRD49, 5641(1994)

0.8 I ! I 1
1.2 T T T T
Fe6.0 x =0.35| Fe6.0 0.35 | Fe6.0 0.5 | Fe6.0 0.5
Q3=25 5.0 2.5 5.0 FIG. 13. The fits to the differential cross
sepocs section ratio o04/0p versus € = ¢/(1 + RP)
are shown for each (z,Q?) point. The er-
0.8 rors on the cross section include statistical

and point-to-point systematic contributions

0 0.5 1.0 added in quadrature.
1.2 . : T €'
Fe26 x =02| Fe26 05| Au 0.2
Q2=1.0 2.5 hﬂw—i Slopes — RA‘RD
1.0 F== =] i nh 8. o
==ty -
0.8 ' — 1 ' T
0 0.5 1.0 0.5 1.0 0.5 1.0 - iL“f‘; g"g E’;ngmggﬂ |
g g g ) o A ° 12
O .
B AV X 25 7
2 L oy o
° ° - | 0 I I
Nuclear higher twist effects and &= R A- RD_@ < )ﬁ g
spin-0 constituents in nuclei: - ]
same as 1n free nucleons _02 | .
1 | { |
0 0.4 0.8
X

Jefferson Lab




ACCESS TO NUCLEAR DEPENDENCE OF K
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HEAVY NUCLEI AND COULOMB DISTORTION

Iixchange of one or more (soft) photons
with the nucleus, 1n addition to the one
hard photon exchanged with a nucleon

Incident (scattered) electrons are
accelerated (decelerated) in the
Coulomb well of the nucleus.

DWBA
0 4ot

PWBA — ~PWBA e . .
T tot = Tifatt Dot ( |(ﬂ w,0) & | Focusing of the electron wave function
- Change of the electron momentum

Effective Momentum Approximation (EMA)
Aste and Trautmann, Eur, Phys. J. A26, 167-178(2005)
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COULOMB DISTORTION EFFECT ON £03-103

no Coulomb corrections applied
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COULOMB DISTORTION EFFECT ON £03-103

Coulomb corrections applied
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HEAVIER NUCLEI DATA FROM £03-103
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ACCESS TO NUCLEAR DEPENDENCE OF K

Iron-Copper

No Coulomb corrections applied
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Nuclear higher twist effects and
Recfo=ll = spin-0 constituents in nuclezi:

same as 1n free nucleons
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ACCESS TO NUCLEAR DEPENDENCE OF K

Iron-Copper

No Coulomb corrections applied Coulomb corrections applied
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New data from JLab E03-103: access to lower €

After coulomb corrections: Ra-Rp=—0 .08 +0 .04
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ACCESS TO NUCLEAR DEPENDENCE OF K

Hint of an A-dependence 1n R 1n Copper-Iron

a 0.1

o
<
o

o pold LA L L LI

02 i I R A I L I R A R
-
L]

After taking into account the normalization
uncertainties from each experiment
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COULOMB DISTORKTION: e-DEPENDENCE
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EXTRACTION OF Rum

V' Need several € values with enough nuclei coverage

v Remove 3He data from the extrapolation

At constant Q% and x:

= at cach €, fit the cross section ratios G/ O vs. A1/ or @

= cxtrapolate the fit to infinite nuclear matter: A-'/3 —0 or 0 —0.17.
Get Ow/ O for each e.

= plot nuclear matter cross section ratios vs. €/(1+€&Rp)

= slope of the fit gives Rnvm-Rp
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Ram: X=0.8, NO COULOMB CORRECTION

A-dependence
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Ram: X=0.8, NO COULOMB CORRECTION

A-dependence

x=0.5 x=0.5
(72) (/2]
"% 1 Fremmme e Tt 2 o e S / ........ | ’5. 4 ‘ ........................................
=
= x=0.5
2
-3 b e
0.9 o)
- \E i vl \
= WO {
0 L oreV
N
| NM slope=0.135452
NM extrap=0.89995 |
085 | l ]
0 0.2 09 - T | i l 1
o L
S e - O/ Ta)o =0.907176 +/— 0.0308404 L
Q [ Rw—Rp,=—0.0110807 +/— 0.0550335
<
3 08 L L L | L L L | L L L | L L L | L L L
0 0.2 04 0.6 0.8 1
0.9 e/(1+cRp)
NM slope=0.12327 +/— 0.046444 NM slope=0.108322 +/— 0.0532569
" NM extrap=0.90801 +/— 0.0207153 " NM extrap=0.900633 +/— 0.0193997
0_8...I...I...I...I... 0_8...I...I...I...I...
0 0.2 04 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1

p-1/3 A -1/3
Jefferson Lab



(0a/0g)is

0.9

0.8

Rum: X=0.8, COULOMB CORRECTION

A-dependence
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Rnm: X=0.85, COULOMB CORRECTION

A-dependence
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X-DEPENDENCE OF Ruu—Rop

A-1/3

Wiringa & Pieper
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After Coulomb correction, indication of a small but non-negligible
nuclear dependent of R and Rnm <Rp
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X-DEPENDENCE OF owuw/0op AT €'=0
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X‘“@EPENBENCE O+ O'NM/ op AT e'=0
AYE {7 e ]

—— Cloet et al., PLB642, 210 (2006)
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EMC EFFECT IN NUCLEAR MATTER

From A3 dependence From p-dependence

O Sick & Day, PLB274 (1992) 1 1 O  Sick & Day, PLB274 (1992) '
® All world data (cc) i ® All world data (cc) I
A including E03-103 prel. (cc) ST i A including E03-103 prel. (cc) £
12 |- Cloet et al, PLB642, 210 (2006) - 12 |- Cloet et al, PLB642, 210 (2006) —
—— Smith & Miller, PRL91, 212301 (2003) E " —— Smith & Miller, PRL91, 212301 (2003)

(OA/OD)is

using same method as In Sick & Day

World data: large € = L and T parts of the cross section
enter with the same kinematic factor
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SUMMARY

O Heavy nuclei at low € data from JLab E03-103 and Coulomb
distortion:

affects the extrapolation to nuclear matter which s key for comparison
with theoretical calculations

has a real impact on the A-dependence of R: clear e-dependence

Some of these conclusions depends mostly on the re-analysis of the
SLAC data including Coulomb corrections.

Hint of different nuclear effects in I'; and Fo: need theoretical

calculations which don’t assume the Callan-Gross relation: Fo = 2x F;

Publication wn preparation

Raproposal at JL.ab 12 GeV in preparation
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EXTRAPOLATION TO NUCLEAR MATTER

Exact calculations of the EMC effect exist:
e for light nuclei
e for nuclear matter

x=0./
l) ®
&
< 1 e
2
0.9
NM T SLAC E139&F 40
CERN BCDMS
0.8 CERN NMC
CERN EMC
| | | | | | ) | | | I |
0 0.2 0.4 0.6 0.8
A-1/3
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EXTRAPOLATION TO NUCLEAR MATTER

Exact calculations of the EMOC effect exist:
e for light nuclei
e for nuclear matter

x=0./
(7p) ®
"-‘; Coulomb corrections applied
O Y
~ 1
2
0.9
NM SLAC EI39&E 140
CERN BCDMS
0.8 CERN NMC
CERN EMC
| | | | | | ) | | | I |
0 0.2 0.4 0.6 0.8
-1/
A 3

Non-negligible effects on SLAC data
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EXTRAPOLATION TO NUCLEAR MATTER

Exact calculations of the EMOC effect exist:
e for light nuclei
e for nuclear matter

x=0./

Coulomb corrections applied

0.9

JLab EO3-103 prel.

NM L] SLAC EI39&E 140
08 S
- - O ICERN EMC |
0 0.2 0.4 0.6 0.8
A-1/3
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EXTRAPOLATION TO NUCLEAR MATTER

EMC effect in n&(Ci/edI‘ maller

O Sick & Day, PLB274 (1992)
® All world data (cc)

A  including E03-103 prel. (cc) i
12 |- Cloet et al, PLB642, 210 (20006) 0 —
——  Smith & Miller, PRL91, 212301 (2003) '

(0,/0p);
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X-DEPENDENCE OF oww/0p AT £'=1
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COULOMB DISTOKTION

Iixchange of one or more (soft) photons
with the nucleus, in addition to the one
hard photon exchanged with a nucleon

Incident (scattered) electrons are
accelerated (decelerated) in the
Coulomb well of the nucleus.

Fig. from A. Aste at Mini-Workshop on Coulomb
Distortion, JLab May 2005

a tpo:,rBA = O atott Sti;'rBA (9], w, 0) ~30

-20

-10

E o0

Coulomb Distortion could have the same 10
kind of impact as TPE, but gives also a 20
correction that i1s A-dependent. 30

-30 -20 -10 0 10 20 30

fm
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HOW T0O CORRECT ~OR COLLOMB
DISTOKTION ¢

Opot = Ostare Spor (|0, w,0) S

- Focusing of the electron wave function
- Change of the electron momentum

Effective Momentum Approximation (EMA)
Aste and Trautmann, Eur, Phys. J. A26, 167-178(2005)

_E—E+V )2 / 7)sind (5
; } Qs = A(E + V)(E, + V)sin’(2)

i Ep_> Ep‘|‘ \Y 4
Ist method 2" method
st | PWBA(| 4 .. _ QPWBA(|~ | . g
SPWBA(| @1 w, 8) —s SEWBA(|q. | w, §) Siot (1@, w,8) — Sior” (| Geg s, w, 0)
(_Tiﬁ” = 4a* cos*(0/2)(E, + \_’)Q/Q"Cl_”
. E+V
F}(’(' —
F

Ot = Ottt * Siag = ([ Gessls w, )] &> 0tar = (Fioc)® - Oatts - Siot - (Fesslsw, 0)
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HOW TO CORRECT FORK COULOMB
DISTOKTION ¢

PWBA PV 84
Otot = OAfott btot |(_1 W. 9 Gﬁ

- Focusing of the electron wave function
- Change of the electron momentum

Eftective Momentum Approximation (EMA)
Aste and Trautmann, Eur, Phys. J. A26, 167-178(2005)

- E—E+V 2 A(T N T, L 2.9
B R4V } Qess = HE+V)(E,+V)sin (5)

One—-l:)arameter moclel CICPCHChﬂg Oﬂlg on tl’!é
GPWB

v etfective Potential seen bg the electron on average.
N1 otL - e, Y Bt/ B\ Wt 4 SN RO B R T Y K
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E
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B B P 84
Otot = 0..'\10“ z btot

) 2 eff PHB~\
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COULOMR DISTOKTION IN Q& SCATTERING
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COULOMR DISTOKTION IN Q& SCATTERING
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DENSITY CALCULATIONS

Calculation from R Wiringa & S. Pieper 0.14 Calculation from S. Pieper — ‘l‘gle
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